It is widely accepted that founder populations hold promise for mapping loci for complex traits. However, the outcome of these mapping efforts will most likely depend on the individual demographic characteristics and historical circumstances surrounding the founding of a given genetic isolate. The 'ideal' features of a founder population are currently unknown. The Micronesian islandic population of Kosrae, one of the four islands comprising the Federated States of Micronesia (FSM), was founded by a small number of settlers and went through a secondary genetic 'bottleneck' in the mid-19th century. The potential for reduced etiological (genetic and environmental) heterogeneity, as well as the opportunity to ascertain extended and statistically powerful pedigrees makes the Kosraen population attractive for mapping schizophrenia susceptibility genes. Our exhaustive case ascertainment from this islandic population identified 32 patients who met DSM-IV criteria for schizophrenia or schizoaffective disorder. Three of these were siblings in one nuclear family, and 27 were from a single large and complex schizophrenia kindred that includes a total of 251 individuals. One of the most startling findings in our ascertained sample was the great difference in male and female disease rates. A genome-wide scan provided initial suggestive evidence for linkage to markers on chromosomes 1, 2, 3, 7, 13, 15, 19, and X. Follow-up multipoint analyses gave additional support for a region on 2q37 that includes a schizophrenia locus previously identified in another small genetic isolate, with a well-established recent genealogical history and a small number of founders, located on the eastern border of Finland. In addition to providing further support for a schizophrenia susceptibility locus at 2q37, our results highlight the analytic challenges associated with extremely large and complex pedigrees, as well as the limitations associated with genetic studies of complex traits in small islandic populations.
Introduction
Schizophrenia, a severe mental disorder, affects approximately 1% of the population worldwide. It is a multifactorial disease with a complex mode of inheritance, and is characterized by psychotic symptoms and by cognitive, affective, and psychosocial impairment. Although there is strong evidence from genetic epidemiological studies supporting a heritable component to schizophrenia, [1] [2] [3] very little is known about the genetic basis of the disorder. Several research groups have tried to identify susceptibility loci for this debilitating disease, and results from a number of complete genome scans have now been reported. Findings that seem promising by virtue of statistical significance or some consistency across studies have been reported for more than a dozen distinct chromosomal regions. 4 A number of genes have been proposed as candidates from a subset of these regions, [5] [6] [7] [8] [9] [10] although their relationship to the linkage signals is as of yet unknown. While the families studied initially in genome scans of schizophrenia were drawn mostly from the genetically diverse populations of Europe and the US, there has been increasing interest in founder populations. While such populations have proven useful for mapping genes of rare monogenic disorders, [11] [12] [13] [14] their usefulness in mapping complex traits is still largely untested.
Although isolated populations originated from a small number of founders and expanded in relative isolation, it is perhaps unreasonable to expect one major susceptibility locus in genetic studies of complex traits, such as schizophrenia. However, one can reasonably expect, for at least some of these populations, a smaller number of loci and a smaller number of disease alleles at each locus. In addition, it is more likely, compared to an outbred population, that most affected individuals in the population will carry the same susceptibility alleles that are identical-by-descent (IBD) from a common ancestor. 15, 16 Also, founder populations often exhibit less environmental heterogeneity than do other populations and offer the possibility for detailed genealogical research that allows reconstruction of extended multigenerational pedigrees. 17 Availability of such large pedigrees is expected to result in a reduced number of samples needed for equivalent power, relative to use of smaller pedigrees, for detection of linkage. [18] [19] [20] [21] However, it is likely that the outcome of studies of complex traits in population isolates will depend greatly on the individual demographic characteristics and historical circumstances surrounding the founding of a given population. Current genome-wide linkage studies of schizophrenia have employed isolated populations from Finland, [22] [23] [24] Palau, [25] [26] [27] Sweden, 28 Costa Rica, 29 and Iceland. 9 Here, we report on our initial results from genetic linkage studies of schizophrenia on the Micronesian islandic population of Kosrae, one of the four islands comprising the Federated States of Micronesia (FSM) . The Kosraen population is believed to have originated from a small number of initial founders, since any given island in Micronesia would have been initially settled by one relatively small group of at most a few hundred individuals. 30 In addition to the small initial founder population, there was secondary genetic 'bottleneck' in Kosrae, caused by a devastating typhoon in 1835, and the near-simultaneous arrival of Westerners in 1824. [31] [32] [33] Ensuing starvation and exposure to Western communicable diseases led to a precipitous decrease of the Kosraen population from 43000 in 1824 to B300 individuals by 1888. 34 Re-expansion from this population decline did not truly begin until after World War II. From 1945 to the 1980s Kosrae averaged 4.7% annual population growth, with the population reaching 3000 in 1963 and 6000 in 1983. The current population of Kosrae is about 8000. 35 The island's unique genetic history may have led to increased genetic homogeneity as compared with other larger, more diverse populations, and thus is likely to facilitate genetic studies of schizophrenia and other complex disorders.
36,37

Subjects and methods
Sample ascertainment and diagnostic assessment All 43 patients listed at the Mental Health registry of Kosrae and their families were contacted and informed about the study. All interested individuals met with the local study coordinator and signed the informed consent forms, which were available in both English and Kosraen. All procedures were approved by the appropriate Institutional Review Boards. All affected study participants were interviewed inperson by a US-trained, New York State-licensed clinical psychologist, with 5 years of clinical diagnostic experience.
In the case of severely affected or actively psychotic probands (n=5), an informant interview with a knowledgeable first-degree relative was completed, and the proband was administered a brief and lessstructured interview. Infromants were able to provide detailed reports of probands symptoms because ill probands continued to live with their family of origin into adulthood.
The Diagnostic Interview for Genetic Studies (DIGS) 38 was used. On the basis of information gathered in the DIGS, the clinical interviewer assigned appropriate diagnoses according to the Diagnostic and Statistical Manual, 4th Edition (DSM-IV). 39 The Family Interview for Genetic Studies (FIGS) was also used to interview at least two first-degree relatives of each proband regarding possible symptomatology in the proband's siblings and other selected family members. Information gathered using the DIGS, in combination with medical chart information, doctor's reports, family reports, and current status, were used to determine the DSM-IV diagnosis. Of the 43 patients initially ascertained, 32 (74%) were found to meet DSM-IV criteria for schizophrenia or schizoaffective disorder. The remaining cases were diagnosed as follows: one patient met criteria for Bipolar I Disorder with severe psychotic features; two patients met criteria for Psychotic Disorder NOS because of lack of evidence substantiating duration and severity criteria for a diagnosis of schizophrenia; one patient met criteria for major depressive disorder with psychotic features; and seven patients were found to have been never mentally ill.
Blood samples were taken from all 36 affected participants. For 24 affecteds, both parents were available and gave a blood sample. For nine cases, where only one parent was alive and for three cases, where no parent was alive, we also obtained blood from unaffected siblings. A control sample of individuals drawn from the general Kosraen population was also collected for the purpose of computing marker allele frequencies. These controls were unrelated to the probands up to the fifth degree of relationship. In the genome scan we included all 36 affected individuals (32 of whom met DSM-IV criteria for schizophrenia or schizoaffective disorder, and four for other psychotic disorders), 101 first-degree relatives (parents and siblings), and 75 control individuals (total sample N ¼ 212). In the analysis, we considered a final sample of 30 individuals with a DSM-IV diagnosis of schizophrenia (N ¼ 28) or schizoaffective disorder (N ¼ 2), leaving out two cases with schizophrenia, one because of incorrect relationship to the pedigree and the other who was a singleton case in a small pedigree and therefore essentially uninformative in a linkage analysis. We also left out of the analysis, the four cases diagnosed with other psychotic disorders.
Pedigree assembly
Detailed family history information was collected from at least two individuals from each participating family during home visits by a genetic counselor with training in anthropology (MLB). Elders in the community knowledgeable about the island's history, as well as genealogical records maintained by the church were also consulted. From this information, pedigrees were constructed, including a single, large and complex pedigree that includes 27 of the 32 individuals affected with schizophrenia or schizoaffective disorder, and all of the four remaining individuals affected with other psychotic disorders. The pedigree is six generations deep, going back to the mid-1800s when the Kosraen population is estimated to have been approximately 300 individuals. 35 The genome-scan marker data were used to check the pedigree structures and to identify genotyping errors. Pedigree and genotyping errors were corrected prior to use in linkage analysis. Our data thus far show the pedigree structure incompatibility rate to be very low: only one apparent andelian consistency and one sample swap between two individuals were identified.
Trait model
Individuals were assumed to be affected in the analysis if they were diagnosed as having a DSM-IV diagnosis of schizophrenia (28 individuals) or schizoaffective disorder (two individuals). All unsampled individuals, who were only included if they were ancestors of affected individuals, were assumed to be unaffected since affected individuals rarely reproduce. 40, 41 In the data set, 114 individuals were sampled, and of these, 92 had age data.
Sex-specific and age-dependent penetrance functions were assumed. Although the prevalence of schizophrenia is the same among males and females worldwide (B1%), 42 female subjects tend to develop the disease slightly later than the male counterparts, who tend to develop the disease in adolescence. 43 In the current data set, only three of the 30 cases are female subjects (ages 17, 23 and 28 years age-at-onset, mean age-at-onset ¼ 23 years), yet 20 of the 41 sampled female subjects were Z45 years of age, suggesting that, in this sample, female subjects have a lower overall lifetime penetrance than male subjects (mean age-at-onset 20 years, SD ¼ 5.6, range 10-34 years). The difference in age-of-onset in other samples coupled with the low frequency of affected female subjects in our sample indicated that different liability classes for male and female subjects were needed. Based on published estimates of lifetime penetrance of 30-50%, 3, 41, 44 male age-dependent penetrances (f M ) for disease-allele bearing genotypes were assumed to be 0.04 for individuals younger than 16 years and increasing by 0.07 for each 5-year interval through 35 years, after which a maximum penetrance of 0.35 was assumed. This model was similar to that estimated in a segregation analysis and used for analysis of schizophrenia in the Micronesian island of Palau. 25 A maximum value of 0.35 for f M was chosen in order to be somewhat conservative in the analysis, as well as because the absence of many multiplex sibships is consistent with considerably reduced penetrance. Since there were no female subjects diagnosed at an older age, there were only two liability classes for female subjects: the penetrance (f F ) for disease-allele bearing genotypes was 0.05 for individuals age 20 years or older, and all others were assumed to have a penetrance equal to the sporadic rate (see below). One exception to this was three female subjects, with missing age data, who had sufficient data on current age of children or parents to be assigned into the higher penetrance class. All cases had age data and therefore were placed into the appropriate penetrance class.
Model values for analysis were chosen to predict observed worldwide prevalence and penetrance rates as estimated from MZ twin concordance rates. Values of the disease allele frequency, p D , were chosen so that the prevalence of schizophrenia would be near 1% given a dominant mode of inheritance, with p D ¼ 0.02, a fixed disease genotype penetrance of 35%, and a sporadic rate of 0.005 for the low-risk trait genotype. Parameters for a recessive mode of inheritance with similar penetrance and prevalence were also used. However, since the recessive model gave little evidence for linkage in the genome scan, this model, and the results, will not be described here.
Pedigree simplification
The data set used on the genome screen consists of two families from the same population. One, referred to as family F, contains 11 individuals in a nuclear family with three affected and six unaffected siblings. The second family consists of 251 individuals, including 27 cases, 18 founder couples, and many loops and is referred to here as the 'large pedigree' (LP). After pruning uninformative individuals and a branch with pedigree mis-specification, the final analysis size of LP was 232 individuals. Pedigrees F and LP are not known to be related. The complexity of family LP creates analytic difficulties if the pedigrees were to be used intact, and therefore pedigree simplification was necessary for the genome scan linkage analysis.
A pragmatic approach to pedigree simplification was used because of the tradeoff between the pedigree complexity and computational feasibility. The goal was to partition pedigree LP into as few components as possible for analysis for two reasons: (1) linkage information is expected to be higher when more of the pedigree structure is utilized, 19, 21, 45 and (2) in the presence of genetic heterogeneity, evidence for linkage might be more evident in one or more core component pedigree(s) than in the whole data set. Pedigree simplification resulted in two data sets, based on differing levels of complexity for the largest subpedigree extracted from pedigree LP. Data set 1 consists of pedigree F and eight simple structure pedigrees (denoted as B, C, D, G, N, S, T, and V) extracted from LP. These eight pedigrees were formed from LP by identifying closely related nuclear families that contained at least one affected individual, and grouping these into larger, simple structure families, with common ancestors. All affected individuals were included in exactly one such simplestructure pedigree, as were all sampled, unaffected individuals who were either siblings or ancestors of one or more affected individual. The total pedigree sizes of these component simple structure families are shown in Table 1 . This pedigree simplification discarded some unsampled and unaffected individuals in older generations, as well as current sibships with no affected individuals, thus making use of a total of 174 of the original 243 individuals in the sample (163 of the original 232 individuals in pedigree LP). Data set 1, refers to this set of simple structure pedigrees. In data set 1, we will also refer to the remaining simple-structure pedigrees, other than pedigree B, as B-R. Data set 2 involved starting with the largest simple-structure pedigree (B) (mean kinship coefficient, f ¼ 0.022 between affected individuals within B) and combining it with pedigree V, which was the most closely related simple-structure pedigree, based on the value of f for pairs of affected individuals between the two pedigrees (mean f ¼ 0.01 between B and V). A third pedigree, G, was then joined to this composite pedigree, again basing this choice on the observation that affected individuals in G were only related to those in B (mean f ¼ 0.013 between B and G). This resulted in a pedigree, BVG, with four founder couples and four loops. The remaining simple structure families are referred to as BVG-R. The creation of the increasingly complex pedigree in data set 2 resulted in the addition of connecting individuals from the original 214-member extended pedigree. Therefore, the total number of individuals in the complex pedigrees is greater than the sum of the individuals in their constituent simple pedigrees (Table 1) . For purposes of discussion, we will refer throughout to the two complete data sets, differing only on the size and complexity of the largest pedigree, as Sets 1 and 2, and we will refer to the largest component individual pedigree within each data set as the 'complex component pedigree', even though in Set 1 pedigree B has simple structure.
Linkage analyses
Both pairwise and multipoint lod score linkage analyses, performed with FASTLINK version 4.1 46, 47 were used to analyze the four data set configurations (Sets 1 and 2, and pedigrees B and BVG). For the pairwise analysis, both reduced-penetrant dominant (described above) and recessive modes of inheritances were used in a full genome scan. Both parametric models were used because of the suggestion that this may be a more efficient approach to analysis of a complex trait than an approach based on a lessparametric analysis. [48] [49] [50] The dominant model was also used for pairwise analyses of all follow-up markers, and for multipoint analysis surrounding suggestive single-point results on chromosome 2. Owing to the computational difficulty of calculating multipoint lod scores for complex pedigrees, only pairs of markers linked sequentially on the map were used in multipoint analyses. In each analysis, marker allele frequencies were estimated from all typed individuals, [51] [52] [53] and linkage equilibrium was assumed. For markers producing suggestive positive lod scores, such marker allele frequencies were compared to those computed from the control sample; in no case were there large differences. For multipoint analysis, crossover interference was assumed to be absent, and a sex-averaged map was used. Owing to concerns that use of sex-averaged maps can bias multipoint analyses towards false-positive results, 54 sex-specific maps were used to repeat analyses for the pairs of markers with the most positive multipoint lod scores. Since results remained essentially unchanged with use of sex-specific maps, they will not be presented.
Markers and laboratory procedures DNA was extracted from 24 ml EDTA blood according to standard procedures. 55 A total of 212 DNA samples were included in a genome-wide scan using the ABI Prism Linkage Mapping Set Version 2 (LMSv2) Screening Set (398 markers spaced at an average intermarker distance of 8.9 cM). Additional markers were typed within B5 cM of markers that had suggestive (40.95) single-point maximum lod scores (Z max ) either for the data set as a whole, or for any of the simple structure families. For all dinucleotide repeat markers, the reverse primer was 'PIG-tailed' (ie the sequence GTTTCTT was added on the 5 0 end) to ensure nearly 100% adenylation of the 3 0 end of the forward strand and therefore facilitate accurate genotyping. 56 Each multiplex panel was first tested on a subset of 24 DNA samples to estimate electropherogram peak intensities and adjust individual marker volumes to give 1000-2000 fluorescent units, as well as to assess the range of allele sizes expected in this population, and ensure that all markers of each panel could be scored reliably. PCR reactions were performed and PCR products pooled as described elsewhere. 57 CEPH sample 1347-02 was included in all PCR reactions and gel runs as a size standard. Internal standards were also included in each gel lane. Gel electrophoresis was carried out on an ABI 377 automated DNA sequencer (Perkin-Elmer, Foster City, CA, USA), and genotypes were assigned using the Genotyper 2.0 software (Perkin-Elmer). The alleles were scored independently by two individuals. Discrepancies were flagged and resolved.
Results
Pedigrees
Pedigree LP is shown in Figure 1 . The number of individuals varied among the simple families extracted from pedigree LP ( Table 1 ). The simple pedigrees consisted of a total of 174 individuals, of whom 30 were affected. Pedigree B, the largest family with 50 people, had eight affected individuals; pedigree D had four cases, the second largest number of cases within a simple pedigree, and 20 total people. The rest of the simple pedigrees had two to three affected individuals. The three simple structure pedigrees that were used to construct the complex component pedigree, BVG, make up approximately half of pedigree LP. BVG had 99 people and 12 cases, amounting to 40% of the total number of cases and 44% of the cases in pedigree LP. In all, 22 unsampled individuals from pedigree LP, who were not included in the simple-structure pedigrees, were needed to reconnect pedigrees B, V, and G, as shown in Figure 1 . In the remaining simple-structure pedigrees, BVG-R had 97 people and a total of 18 cases.
Pairwise analysis of genome scan data
Pairwise analysis in the initial genome scan with the dominant mode of inheritance identified 11 markers on eight chromosomes with a suggestive maximum lod score Z max 40.95 in at least one of the data set configurations (Table 2) . Seven markers had Z max 41 in at least one of the full data set configurations, and five markers had Z max 41 in at least one of pedigrees B and BVG. The highest overall Z max ¼ 2.4 was obtained for D19S209 in data set 2 at a recombination fraction, y, of y ¼ 0.
Evidence for linkage derives from different combinations of the complex pedigrees and the remainder pedigrees (Table 2; Figure 2 ). Markers D1S213 and Figure 1 Extended pedigree, LP, from which simple structure pedigrees were extracted for analysis, drawn with the program Pedpack. Affected individuals are indicated as shaded symbols; sampled individuals are indicated with dots. Sampled individuals without offspring are indicated with diamonds, to reduce the within-pedigree identifiability of the individuals. Squares: male subjects; circles: female subjects. Black or colored symbols were used in analysis; gray symbols indicate individuals ignored in all analyses. Colored symbols indicate extracted pedigrees: B (blue), V (magenta), G (green) and BVG (all colors, including orange). D19S209 provide suggestive positive evidence for linkage in both the complex pedigrees as well as in the remainder pedigrees, with 30-60% of the total lod score deriving from the complex component pedigree, depending on the marker and data set configuration. Markers D3S1285, D3S1271, D13S171, and D15S978 show evidence for linkage in the complex pedigrees, but are relatively uninformative in B-R and BVG-R. Both D2S206 and D7S484 show evidence for linkage in the complex pedigrees and weak evidence against linkage in the remainder pedigrees. DXS1060 derives evidence for linkage only from the remainder pedigrees. For this marker, Z max ¼ 0.54 in data set 2 at y ¼ 0, with BVG contributing À1.36 to the total and the remaining pedigrees contributing 1.89 to the total lod score.
The maximum lod scores at the markers of interest were sensitive to the structure of the complex component pedigree. Evidence for linkage at six of these markers (D1S213, D3S1285, D7S484, D15S978, D19S209, and D19S221) was higher in BVG than in B (Table 2; Figure 2) , with large increases in some cases (eg five-fold on chromosome 3 and three-fold on chromosome 7). Three markers (D13S171, D3S1271, and DXS1060) showed mild decreases in lod scores in B vs BVG. D2S206 showed essentially no change in the lod score with changes in the pedigree structure used in analysis.
Follow-up markers
We genotyped follow-up markers for all chromosomal regions that provided suggestive evidence for linkage in the first stage of analysis. However, as many of the markers we selected were uninformative for linkage in our pedigrees, our follow-up analysis should be considered preliminary. With the exception of chromosome 2, there was only weak supportive evidence for linkage obtained with the follow-up markers we used ( Table 2 ). Many such markers gave maximum lod scores at or near 0, with negative lod scores at low y, although severalFD2S427, D3S3574, D7S2496, D19S916Fwere essentially uninformative in these pedigrees. However, for chromosome 2 there was a cluster of linked markers at 236.7-260.63 cM with consistently modest positive evidence of linkage. These results will be discussed further below.
Pairwise analyses of chromosome 2
The Z max for the cluster of eight markers in a 24 cM region of chromosome 2 at 236.7-260.63 cM was consistently positive (Table 2) , providing modest support for linkage to this region. The support for linkage derives mainly from the complex component pedigrees, whereas the remainder pedigrees exhibit weak evidence either for or against linkage to this region. For these eight markers, Z max ranges between 0.11 and 1.38 for BVG, and between 0.10 and 0.74 for data set 2. This interval produced the highest and the second highest Z max in pairwise analyses for pedigrees B and BVG, respectively, in the genome scan. The consistent, positive lod scores over this interval are consistent with the expectation that true linkage signals are expected to be wider than are false signals, 58 and were the impetus for carrying out multipoint analysis for markers in this region. In B and BVG, the Z max is highest for D2S206 at y ¼ 0, and decreases with distance of markers from D2S206. The two closely linked flanking markers D2S206 and D2S2176 gave some of the highest Z max for both these pedigrees in the genome scan. The marker D2S427, which is only 4 cM and B1.5 Mb away from D2S206, and which gave the strongest lod score in a previous scan of a similar large and complex, isolated, Finnish pedigree 24 was essentially uninformative in the current data set, thus leading to very modest positive lod scores at close recombination fractions.
The maximum lod scores for most of the markers in this region of chromosome 2q tend to increase in family BVG compared to family B. Z max ¼ 0.42 for D2S2205 for pedigree B and increases to 0.77 for BVG, both at y ¼ 0. Z max increases from 0.21 for D2S345 in pedigree B at y ¼ 0.15-0.64 in BVG at y ¼ 0. Only one of the markers has a maximum lod score that decreases with increasing number of families in the complex component pedigree: Z max ¼ 0.96 for D2S2176 for B and reduces slightly to 0.86 for BVG, both at y ¼ 0.
Multipoint analyses of chromosome 2q
Multipoint analysis further supports evidence of linkage on chromosome 2q. Lod scores for analyses of markers located between 236.7 and 260.6 cM increased when pairs of adjacent markers were used in a multipoint analysis (Figure 3) , for both the component complex pedigree and for the full data set. Most of the multipoint evidence for linkage derives from the complex component pedigree. For both the complex component pedigrees and the complete data set, the highest lod score was obtained with joint analysis using the pair of markers D2S206 and D2S2176. For this pair of markers, for B and BVG there was B50% increase in the maximum multipoint lod score over pairwise lod scores obtained with D2S206. The Z max for these pedigrees was 2.07 and 2.1 for B and BVG, respectively, with the location of the maximum score at D2S206 (240.79 cM). For the full data sets, multipoint analysis more than doubled the maximum lod score for both Sets 1 and 2 over pairwise analyses, with the location of the maximum score occurring at 242.17 cM. The position on a fixed map at which the multipoint lod scores maximize is consistent across analyses based on different pairs of markers, and the maximum lod score decreases with distance from the location of the highest lod score (Figure 3 ). The location of the Z max from the multipoint analysis is between 240.79 and 243.1 cM (markers D2S206, D2S2176, D2S2205, and D2S2202). In Set 1, for joint analysis with D2S427 and D2S206, Z max ¼ 0.88 and occurred at 240.79 cM; for joint analysis with D2S206 and D2S2176, Z max ¼ 1.13 and occurred at 242.17cM; and for joint analysis with D2S2205 and D2S2202, Z max ¼ 0.61 and occurred at 243.1 cM. The respective Z max for Set 2 are 1.12, 1.35, and 0.98. For B, these three Z max were 1.96, 2.0, and 0.78, and for BVG, these three Z max were 1.99, 2.1, and 0.98. Maximum multipoint lod scores from marker pairs on either side of this region were near zero for both the complex component pedigrees and Sets 1 and 2.
Discussion
Here we present the initial results of a genome-wide scan for schizophrenia in the genetically isolated Micronesian island of Kosrae. The results presented here are based on linkage analysis of the pedigrees of 30 of the 36 identified affected individuals on the island, 27 of whom are in a single, large and complex kindred that includes a total of 214 individuals. Extended pedigrees contain more genetic information than small families, resulting in increased statistical power. 19, 21 However, analysis of extremely large and complex pedigrees, such as that used here, presents several analytic challenges that are presently insurmountable. 45 Therefore, the Kosraen pedigree was divided into component extended simple-structure families to facilitate analysis and to attempt to account for intrafamilial heterogeneity. A larger, complex subset of the extended pedigree was also analyzed intact.
Our analysis provides suggestive evidence for linkage to markers on chromosome 2q37. Both twopoint and multipoint analyses gave positive lod scores for markers spanning B24 cM, particularly in the complex component of the extended pedigree. It is notable that another group has reported evidence of linkage to precisely the same region. 24 Strikingly, this other schizophrenia study also involved a population that originated from a small internal genetic isolate in Finland, with close to complete case ascertainment, a well-established recent genealogical history, and a small number of founders. In initial pairwise analyses of the 53 nuclear pedigrees from the extended pedigree in this internal Finnish isolate, the best evidence for linkage was obtained with the marker D2S427 (Z max ¼ 4.43). Multipoint analysis provided supportive results. The marker D2S427, which was essentially uninformative for linkage in our sample, is only 4 cM and 1.5 Mb centromeric from D2S206, the marker providing the highest lod score in our study. These two studies taken together provide considerable support for the presence of a schizophrenia susceptibility locus in this chromosomal region. A few of the other suggestive regions identified in our genome scan have also been reported as potential gene locations in other studies. For example, D1S213, the marker on chromosome 1 with the highest lod score in our sample, is within 8 cM of a region with suggestive evidence for linkage in a Finnish sample of affected sib-pairs. 23 We also obtained suggestive evidence of linkage to D3S1271, which is within 10 cM of a region with suggestive evidence for linkage in four other samples: a Finnish internal isolate, 24 a sample of Finnish affected sib-pairs, 23 a Canadian sample of large pedigrees, 59 and a set of large British and Icelandic pedigrees. 60 Markers in our data set that flanked D3S1271 were essentially uninformative for linkage, so that evaluation of evidence of linkage in our sample at the same locations as reported elsewhere is not possible with our current marker set. Similarly, we obtained suggestive evidence of linkage to markers on chromosome 13 with D13S171, which is in a region that also gave suggestive evidence of linkage in another study of a schizophrenia population from a different Micronesian island, Palau, 26 suggesting that this may be a region that merits more follow-up in these Micronesian populations.
Ascertainment through an extensive investigation of an isolate, such as was performed here, vs through ascertainment from a much larger population (as it is typically carried out for more heterogeneous populations) could introduce variables that could lead to heterogeneity among studies. [61] [62] [63] With this in mind, it is noteworthy that the locations of some of our more positive linkage signals are coincident only with similar signals from samples that, like ours, also either consist of large pedigrees, 24, 26, 59, 60 or that consist of nuclear families that may share common ancestry. 23 One of the most startling findings in our ascertainment was the great difference in male and female disease rates. In this sample, we observed a 17 : 1 male to female ratio, which is in agreement with a previous preliminary survey. 64 In Western populations, schizophrenia shows a later age of onset and a more benign course in women. 43, 65 However, no significant differences in disease rates between sexes have been described, 66 ,67 although more recent, community-based first-episode studies suggest a two-fold increased incidence for men. 68 The observed male predominance in Kosrae cannot be accounted for by either population statistics (male to female ratio in the 1994 census was 1.08 : 1.00), or by our sample statistics (59% male subjects, 41% female sujbects). It is possible that mental illness is under-recognized in females in Micronesia because of some form of cultural bias, but this is not supported by previous reports about schizophrenia in that part of the world. 64, 69 Disease loci on the sex chromosomes may account for the male predominance. However, we do not recognize any X-linked pattern of inheritance on the Kosraen pedigree, nor do we obtain strong support for linkage to the X chromosome. Contribution from genes located on the Y chromosome has not been excluded and is currently under investigation. There is also the possibility that the susceptibility genes may be autosomal but have different penetrance in male than in female individuals. Gender-specific differences in penetrance have been described previously for genes implicated in psychiatric disorders, 70, 71 as well as in behavioral phenotypes in mice. 72, 73 Finally, another explanation involves the parity of the females in Kosrae. Nearly all Kosraen females over the age of 20 years are married and multiparous with an average of four children/family. Perhaps, this high degree of parity modulates the penetrance of the susceptibility genes responsible for developing schizophrenia in this isolate. A protective effect is likely mediated through pregnancy-related changes in the hormonal environment during the high-risk age. There is some preliminary evidence that the sexspecific age at onset difference described in Western populations might be due, at least partly, to hormonal protective factors. [74] [75] [76] In that regard, it is interesting to note that the three female patients in our sample are all nulliparous. The fact that Kosraen females tend to be multiparous would distinguish this population from other genetic isolates (including the Finnish isolate demonstrating linkage in the same locus), for which no such striking sex-specific disease rates have been described.
Isolated populations established by a limited number of founders have proven useful for mapping genes of rare monogenic disorders. [11] [12] [13] [14] In genetic studies of complex traits, such as schizophrenia, the advantage of genetic isolates may be less distinct. Indeed, the present results, like those of other genome scans in isolated populations, do not provide any support for a single susceptibility locus significantly increasing the risk of developing schizophrenia, even in a population with the characteristics of the Kosraen population. It is likely that several additional genetic loci with a relatively small individual effect contribute to the risk of schizophrenia even in this small population. If that is the case, the limited number of affecteds that can be ascertained from relatively small islandic populations as well as the reduced marker informativeness may pose severe limitations on genetic studies of complex traits in such populations. On the other hand, our results suggest that the genetic, diagnostic, and cultural homogeneity, as well as access to extensive genealogical information, may simplify identification of susceptibility loci permitting us to obtain suggestive evidence for linkage based upon a relatively small number of patients (only 30 patients were considered in this study). The same factors may also facilitate eventual gene identification by reducing allelic heterogeneity.
Additional work is clearly needed. Future analyses and experiments in the current data set include the identification of common haplotypes at 2q37 shared by at least some family members, as well as detailed, dense follow-up analysis with informative markers from all other chromosomal regions that provided suggestive evidence of linkage. It may also be necessary to consider approaches that allow for joint analysis of multiple genomic regions in assessing evidence for linkage. The results from the current study, combined with those from other studies of schizophrenia, suggest that even in a population isolate the genetic architecture of the disease is complex.
